Keywords: vascular cognitive impairment, cerebral blood flow, blood glucose, high-density lipoprotein, white matter J o u r n a l P r e -p r o o f Journal Pre-proof Abstract Vascular cognitive impairment (VCI) is associated with chronic cerebral hypoperfusion (CCH) and memory deficits, and often occurs concurrently with met abolic syndrome (MetS). Despite their common occurrence, it is unknown whether CCH and MetS act synergistically to exacerbate VCI-associated pathology. Here, using male Sprague-Dawley rats, we examined the effects of a clinically relevant model of adolescent-onset MetS and adult-onset CCH on neuro-vascular outcomes, combining a cafeteria diet with a 2-vessel occlusion (2VO) model. Using longitudinal imaging, histology, and behavioural assessments, we identified several features of MetS and CCH including reduced cerebral blood volume, white matter atrophy, alterations in hippoc ampal cell density, and memory impairment. Furthermore, we identified a number of significant associations, potentially predictive of MetS and pat hophysiological outcomes. White matter volume was positively correlated to HDL cholesterol; hippocampal cell density was negatively correlated to fasted blood glucose; cerebral blood flow and volume was negatively predicted by the combination of 2VO surgery and increas ed fasted blood glucose. These results emphasize the importance of including comorbid conditions when modeling VCI, and they outline a highly translational preclinical model that could be used to investigat e potential interventions to mitigate VCIassociated pathology and cognitive decline.
Introduction
Vascular cognitive impairment (VCI) is associated with a chronic state of brain hypoperfusion and memory deficits, and is often observed concurrently with metabolic syndrome (MetS ) (25, 56) . MetS results from a sedentary lifestyle and a diet comprised of highly-processed, energy-dense food, and is diagnosed clinically when patients exhibit at least three of the following co-morbidities: obesity, hyperglycemia, hypertension, elevated triglycerides, and reduced high-density lipoprotein cholesterol (HDL-C) (1) . Despite the concurrent nature of these conditions and the need to better align preclinical disease models to increas e the potential for translational success (14, 45, 51) possible int eractions between MetS symptoms and chronic cerebral hypoperfusion (CCH) and how these factors may contribut e to development of VCI in adulthood, remain poorly explored (e.g. white matter atrophy ).
Oligodendrocytes, the myelinating cells of that accumulat e in white matter regions, are particularly susceptible to ischemia, conceivably due to lower cerebral perfusion (42, 46, 48) , which leads to diffuse leukoaraiosis (40, 48) . The brain is also extremely susceptible to glucose intolerance and insulin resistance (13, 21) , resulting in hippocampal inflammation, white matter atrophy, and blood brain-barrier breakdown (18, 24, 31) . Since CCH and MetS often occur concomitantly, both likely play a significant role in hippocampal and white matter pathologies associated with VCI (26, 28) .
Recently, using a diet of ultra-processed foods commonly consumed by humans, known as the cafeteria diet (CAF), our group produc ed a MetS phenotype in rats within three months (24) . Compared to many commercially available diets, the CAF diet more closely repres ents the human manifestation of MetS (24, 47) . In addition to the typical systemic features of MetS (e.g. abdominal adiposity, increased triglycerides, etc.), the CAF diet also results in hippocampal inflammation and reduced cerebrovascular reactivity in the cerebral cortex and hippocampus (23, 24) . While short term expos ure to the CAF diet alone does not result in learning and memory deficits (24) , it is unknown what impact this diet would have on cognition when combined with CCH, a common characteristic of VCI. Indeed, permanent bilateral occlusion of the common carotid arteries leads to VCI-like pathology including cognitive impairment (7, 33, 34, 43) , hippocampal atrophy (43, 49) , rarefication of white matter (49, 52) , gliosis (6, 48, 49) , and long-term vascular adaptations (10) . Zuloaga Group sizes are presented wit hin figures and in Supplementary Table 1 . During the experiments, a total of 18 rats died prematurely due to post-surgical complications. Supplementary Table 1 ).
Diet & Body Weight
All rats had ad libitum access to standard rat chow (Teklad Global 18% Protein Rodent Diet;
Harlan, WI, USA) and water. Those receiving the Cafeteria diet were supplemented wit h an additional diet as previously described (24) . Briefly, in addition to chow and water, rats were also provided with a selection of grocery store-purchas ed food items ( Supplementary Table 2 ) and a 12% (w/ v) sucrose-water solution. Cafeteria diet food was provided in pre-established combinations of 3 different food items 3 times per week to ensure that caloric nutritional int ake was equally distributed throughout the experiment .
All food and water were weighed to monitor consumption and manufacturer's nutritional information was used to calculate caloric and nutritional intake. Animals were weighed weekly.
Blood Sampling and Analysis
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Sixteen hours prior to blood collection, food and sucrose water were removed from cages. Blood was sampled prior to the 2VO surgery (week 11) and prior to sacrifice (week 14, 17 or 21) . However, animals that underwent behavior testing had blood sampled prior t o 2VO surgery, prior to behavior (week 21) and prior to sacrifice (week 30); Figure 1 ). Rats were manually restrained and the saphenous vein was punctured to collect ~600 µl of whole blood in an uncoated microvette tube (Sarstedt; Nümbrecht, Germany). Samples were incubated at room temperature for 60-90 minutes then centrifuged at 2000 x g for 10 minut es. Serum was removed, aliquoted, and stored at −80 °C until us e. A fresh drop of blood was used for fasted blood glucose determination using a Contour Next EZ monitor as per manufacturer's instructions (Bayer, QC, Canada).
For analysis of serum met abolic markers, serum samples were thawed on ice. Triglyceride levels were determined using a colorimetric assay kit (Cayman Chemical, MI, USA). LDL, HDL, and total cholesterol were measured using the EnzyChrom HDL and LDL/VLDL assay kit (Bioassay Systems, CA, USA). Insulin levels were obtained using the Ultra-Sensitive Rat Insulin ELISA kit (Crystal Chem, IL, USA). All kit testing was performed according to manufacturers' instructions. Samples were run in duplicate and various groups and time points were represented across all plates.
Surgical Procedure
Following 12 weeks of diet consumption, animals were randomized to receive either Sham or 2VO surgery. To achieve a gradual hypoperfused state and minimize mortality, the carotid arteries were permanently ligated one week apart (left first, followed by right) (48) . Animals were anesthetized using isoflurane (5% induction, 3% maintenance) and a ventral neck incision was made. The carotid artery was isolated from adjacent nerve bundles and muscle tissue and ligated using 4-0 surgical silk at two locations spaced ~2 mm apart. Upon completion of the occlusion, the incision site was surgically stapled and treated with topical bupivacaine (2%; 0.1 ml; Chiron, Canada) immediately after surgery and again 6 and 24 hours later. Body temperature was maintained at 36.5°C using a heating pad for the duration of The subset of animals sacrificed at week 30 (see Supplement ary Table 1 ), were assessed for spatial acquisition and long-term memory using the Morris Water Maze. Prior to behavioural testing, animals were acclimated to the test room for at least 30 minutes. Acquisition: Animals were plac ed into a circular pool of water (185 cm diamet er; 45 cm deep; 24 °C), containing a hidden escape platform (16.5 cm diameter) 2 cm below the surface of the water. Water was made opaque using non-toxic blue tempera paint. The walls of the room contained black and white visual cues. Animals were given 4 trials per day, separated by a 20-minute int er-t rial interval, for 4 consecutive days. Each trial was initiated from a pseudo-randomly assigned start quadrant and lasted for a maximum of 2 minutes. Latency to locate the escape platform was determined. If an animal did not locate the platform in that time, the experimenter guided them to it. Once on the platform, rats were allowed to rest for 30 seconds after which they were returned to their home cage. Probe: 24 hours after the final acquisition trial was completed, the submerged platform was rem oved from the maze and animals were returned to the water (from a randomly assigned start location) for 60 seconds. The time spent in the quadrant that previously contained the escape platform was determined.
Tissue Preparation
Upon completion of the experiments, animals were administered a lethal dose of Euthanyl (i.p. 150 mg/kg; Bimeda-MTC Animal Health Inc., ON, Canada) and transcardially perfused with phosphatebuffered saline (PBS) followed by 4% paraformaldehyde (PFA). The brains were extracted and placed in 4% PFA overnight, submerged in 30% sucrose in PBS (w/ v) until saturated, frozen in cooled isopentane, and stored at −80 °C. All brains were serially cryosectioned through the extent of the CA 1 region of the hippocampus (20 µm; spaced 240 µm apart, extending from -2. 0 to -5.2 mm posterior from bregma) and mounted onto gelatin-coated slides for histology and immunohistochemistry. Free -floating thick sections (100 µm; spaced 240 µm apart) were also collected into wells containing 30% glycerine/30% ethylene glycol/PBS (v/v; stored at −80 °C) for examination of vascular remodeling in the 30-week group.
Histology and Immunohistochemistry
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For all procedures except GLUT1 staining, 20 µm sections were used. To determine cell density in the hippocampus, sections were stained with 0.25% cresyl violet. Unbiased stereological estimation of neurons in CA1 was obtained as previously described (33) . Briefly, a Leica DMRXE microscope system (Leica Microsystems, ON, Canada) equipped with Stereo Investigat or soft ware (v. 11, MBF Bioscience, VT, USA) was used to quantify cell density and size. The CA1 region of the left hemisphere was traced, and cell counting was performed using the fractionator method at 40 times magnification. A 300 μm x 100 μm sampling grid with 35 μm x 35 μm counting frames was used. All cresyl violet-stained cells within these frames were counted, and density was determined by expressing values per volume of tissue assessed. Average cell size was det ermined using the nucleator method, in which the area of every 5th counted cell was determined by the placement of 4 randomly oriented nucleator rays (33) .
For assessment of white matter volume, sections were incubated in 0. 2% gold chloride (Sigma Aldrich, ON, Canada) in PBS at 37 o C for 1-3 hours, until distinct commissures were visible with minimal background staining (54) . Slides were then rinsed in 2.5% sodium thiosulfate (Sigma Aldrich, ON, Canada) for 5 minutes, dehydrated and cover slipped. A Leica microscope with a 5x objective was used to obtain images of each section that were then imported to Image J for quantification. The corpus callosum was traced in 4-5 sections spaced 240 µm apart spanning -2. 3 mm to -4.5 mm from bregma.
The volume was estimated using the formula (average area x number of sections x distance between sections).
To quantify microglial density, sections underwent antigen retrieval for 20 minutes (10mM citric acid, pH 6, 95°C) and rinsed in PBS. Slides were blocked in 5% donkey serum in PBS + 0.01% Triton x -100 (PBS-T) for 1 hour, followed by primary antibody overnight at 4°C (1:1000 rabbit anti-Iba1; Wako, Japan). The following day, sections were rinsed in PBS and incubated with secondary antibody for 1 hour at room temperature (1:500; biotinylated donkey anti-rabbit), followed by avidin-biotin complex (ABC;
Vector, CA, USA ) for 30 minutes. Slides were rinsed, dehydrated, and cover slipped. Stereological quantification of Iba1+ cell density in CA1 was performed in a similar fashion as cresyl violet cells; the CA1 region was traced and the fractionator method was used at 40 x magnification to count Iba1+ cells using a 50 μm x 50 μm counting box within a 400 μm x 400 μm sampling grid. Data were transformed into J o u r n a l P r e -p r o o f density measurements by dividing the absolute number of cells by the volume of tissue within which they were counted.
To assess the density of tight junctions of the blood-brain barrier and patterning of glutamatergic nerve endings in CA1, sections were co-labeled with Claudin-5 and VGLUT-2. First, sections were subjected to heat-induced antigen retrieval (95 °C in citric acid for 20 minutes ) and rinsed in PBS followed by 0.5% PBS-T. They were then incubated for 1.5 hours at room temperat ure in a blocking solution containing PBS-T, 10% normal donkey serum (GeneTex, CA, USA ) and 0.5% cold wat er fish skin gelatin (Amresco, OH, USA ), followed by overnight incubation at 4°C with primary antibodies diluted in blocking solution (vessels: rabbit anti-Claudin5, 1:400, Abcam, Ab15106, ON, Canada; glutamatergic fibres:
guinea pig anti-VGLUT-2, 1:300, EMD Millipore Ab2251, ON, Canada). The following day, slides were rinsed in PBS-T and incubated for 2 hours at room temperature with secondary antibodies diluted at 1:300 (donkey anti-rabbit AlexaFluor488 and donkey anti-guinea pig AlexaFluor647; Thermo Fisher Scientific, ON, Canada), then rinsed and cover slipped (Fluoromount G; Electron Microscopy Sciences, PA, USA).
To quantify blood vessel density, 100 µm thick free -floating brain sections were labeled with mouse anti-glucos e transporter GLUT1 antibody (1:300; Ab40084; Abcam, ON, Canada). Following rinses in PBS and 0.5% PBS-T, sections were incubated for 2 hours at room temperature in blocking solution, followed by overnight incubation with GLUT1. The following day, sections were rinsed in PBS-T and incubated for 3 hours at room temperature with secondary antibody diluted at 1:300 (AlexaFluor488conjugated donkey anti-mouse antibody, Thermo Fisher Scientific, ON, Canada), then rinsed and cover slipped (Fluoromount G). 
Imaging of Claudin
Results
Cafeteria diet consumption leads to the development of metabolic syndrome
Food/ water consumption and caloric intake (based on manufacturer's nutritional information)
were monitored three times weekly and data is present ed as average c onsumption per mont h.
Throughout the study, animals in the CAF group consumed significantly more kilocalories than those in the SD group (133.82 ± 5.4 vs 94.58 ± 3.4 kcal/day, respectively; Supplementary Figure 1A Figure 1E ). CAF rats also exhibited a significant increase in body weight from the second month of diet exposure until study completion (p< 0.001; Supplementary Figure 1F ). Finally, animals in the CAF group exhibited a larger abdominal circumference than those in the SD group (CAF = 25. 7 ± 4.03 cm; SD = 22.6 ± 2.1 cm;
p<0.01).
There was a significant interaction (surgery x diet x time point; p=0.008), whereby 2VO/CAF rats had higher blood glucose concentration prior to 2VO surgery than at sacrific e (p=0. 
Diet and 2VO affect cerebral hypoperfusion
Cerebral hy poperfusion was determined longitudinally by measurement of CBV and CBF using MRI ( Figure 3A ). In the forebrain, there was no effect of diet (p=0.74), surgery (p=0.18), or time on blood flow (p=0.96) ( Figure 2B ). With respect to blood volume there was no effect of diet (p=0.53) or time (p= 0.26), however, there was a significant effect of surgery (p<0. 0001), in that 2VO animals had reduced forebrain blood volume ( Figure 2C-D) . In the hippoc ampus, there was also no effect of diet (p= 0.4), surgery J o u r n a l P r e -p r o o f (p=0.14), or time (p=0.2) on blood flow ( Figure 2E ). In addition, no effect of diet (p=0.88) or time (p=0.17) was evident in hippocampal blood volume ( Figure 2E) , and a significant effect of surgery (p<0.0001) on blood volume was evident ( Figure 2F -G). there was no effect of C AF; however, blood volume was significantly reduced in 2VO animals. (*p<0.05; n presented in white; 11-15 rats per group).
Cafeteria diet impairs memory
Neither CAF nor 2VO affected the ability of animals to locate the hidden plat form over time and learn the task (p> 0.05; Figure 4A ). No interactions were detected bet ween time and diet (p=.0.13) or surgery (p=0. 1)( Figure 4A ). However, during the probe trial, animals in the CAF groups spent 
White matter volume and hippocampal cell density are affected by diet and 2VO
Histology and immunohistochemistry for white matter volume, CA1 neuron density, Iba1, VGLUT2, and Claudin5 were performed on animals sacrificed at weeks 14, 17, 21, and 30, while immunohistochemistry for GLUT1 was only performed on animals at week 30 (see Figure 5 ). Figure 5D ). The There was a significant interaction between diet and surgery (p= 0.008) on CA 1 neuron density, whereby 2VO/SD animals had significantly reduced cell density compared to Sham/SD ( p=0.006) and 2VO/CAF animals had significantly greater cell density compared to 2VO/SD (p=0.015; Figure 6A /B).
There was no effect of time of sacrifice (p=0.8) on CA1 neuron density. increased insulin, reduced HDL cholesterol, etc.) induced by the CAF diet that were most predictive of the observed pathophysiological outcomes (i.e. reduced cerebral blood flow, white matter loss, hippocampal CA1 neuron loss). Since CBF and CBV showed similar results in the forebrain and hippocampus, total CBF and CBV were included for predictive modeling. The following variables were tested for inclusion in each model: surgical group; diet; sacrifice point; blood levels of triglycerides; LDL, HDL, and total cholesterol; insulin; and glucose level at sacrifice. Detailed model parameters can be found in Supplement ary Table 3 . White matter volume was positively associated with HDL cholesterol level (R=0.367; p= 0.002), indicating that rats with higher HDL cholesterol tended to have great er sparing of the corpus callosum ( Figure 7A ). Additionally, CA1 neuron density was negatively predicted by fasted blood glucose (R=0.261; p=0.031), wherein elevated glucose was related to lower CA1 neuron density ( Figure   7B ). Both CBF (R=0.489; p=0.005) and CBV (R=0.488; p=0.026) were negatively predicted by a combination of 2V O surgery and increased fasted blood glucose ( Figure 7C-D) , demonstrating a synergic J o u r n a l P r e -p r o o f relationship between blood glucose and CCH. Therefore, using the unstandardized B coefficient of both surgery and blood glucose (t he slope of our regression line; see Supplementary Table 3 ), we produced a 2D representation of the multiple regression in Figure 7C 
Discussion
Using a highly translational CAF diet that induces MetS, this study investigated whet her MetS acts synergistically with decreased CBF to aggravate VCI-associated pathologies in young adult male rats. The manifestation of vascular dysfunction was investigated longitudinally by monitoring CBF and CBV using contrast-enhanced MRI and evaluation of vascular remodeling and structure. Spatial acquisition and long-term memory were assessed using the Morris water maze, and VCI -related pathologies such as white matter atrophy and hippocampal cell loss were quantified. We identified two Providing rats with the CAF diet led to manifestation of a MetS phenotype as shown previously, with increased central adiposity, elevated triglycerides, hyperinsulinemia, hy perglycemia, reduced H DL cholesterol, and increas ed LDL/VLDL cholesterol (23, 24) . Additionally, CAF diet resulted in decreased hippocampal blood volume and led to a memory deficit. Int erestingly, the impairment appeared specific to spatial memory retrieval and not ac quisition, suggesting a deficit specific to reference memory function.
This contrasts with our earlier work where short-term exposure to the CAF diet (12-16 weeks) increased resting hippocampal blood flow and inflammation, and reduced cerebrovascular reactivity, a sign of endothelial dysfunction, but had no effect on learning and memory (23, 24) . The discrepancies between these results are most likely explained by the severity of MetS. Rats in the present study were given the CAF diet for a much longer duration (30 weeks), which resulted in significantly higher fasted blood glucose, reduced hippocampal blood volume, and delayed cognitive impairment on the Morris water maze probe test. This time course aligns with what is observed clinically, where cerebral endot helial dysfunction occurs early in the course of hyperglycemic damage and often preceding overt vascular deficits and cognitive decline (11) . These results highlight the need for therapies aimed at preventing hypoperfusion-associated cognitive decline to be initiated as early as possible during MetS progression.
As expected, 2V O resulted in significantly reduced CBV in the forebrain and hippocampus (20, 41, 61) . In contrast to our hypothesis, the CAF diet did not directly affect forebrain or hippocampal CBF or CBV. However, linear modeling revealed that in animals given 2VO fasting blood glucose at the time of sacrifice (a fundamental feat ure of MetS) was significantly correlated with cerebral hypoperfusion, with higher blood glucose related to great er reductions in cerebral perfusion. Similarly, others have demonstrated that hyperglycemia reduces CBF (16, 17, 22) . Endothelial cells are not entirely reliant on insulin for glucose uptake, making them particularly vulnerable t o hyperglycemia-induced damage (4, 29).
Indeed, hyperglycemia can cause a number of vascular pathologies including impaired endothelialdependent vasodilation of cerebral arterioles (37) , enhanced secretion of the vasoconstrictor endothelin-1
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In addition to measuring basal CBF and CBV, we also investigated whether the observed changes could be explained by vascular remodeling or alterations to the blood-brain barrier (2, 55) .
Similar to our past work, we did not observe structural vascular remodeling or alterations in cerebrovascular int egrity in CAF rats (23) . Thes e findings suggest that the decreased CBF and CBV found are likely due to functional rather than structural changes in the cerebrovasculature (23) .
A reduction in CBF, the hallmark feature of VCI, is a significant contributing factor to inflammation, hippocampal damage, whit e matter lesions, and subsequent cognitive decline (31-33, 42, 48) . In the present study, we also sought to det ermine whether cerebral hypoperfusion and MetS features act synergistically to exaggerate hippocampal and white matter pat hologies associated with VCI. Overall, the CAF diet did not affect hippoc ampal CA1 neuron density. This finding is in agreement with past work from our laboratory, where we found that diets high in saturated fats and sugar did not change the number of hippocampal CA1 neurons (5, 33, 34) , or exacerbate CA 1 neuron loss in a global ischemia model (5) . However, the CAF diet prot ected against CA1 neuron loss from the 2VO. While it is not entirely clear what is underlying the potential neuroprotection offered by the CAF diet, it is possible that the high levels of insulin found in CAF animals could be exerting a level of neuroprotection. In rats given transient MCAo, insulin was found to protect from cell loss and preserve neurological function by reducing neurotoxic glutamate (19) . Indeed, rats with similar systemic insulin concentrations (Sham/ CAF and 2VO/CAF) had similar CA1 neuron density.
In addition, we found an association bet ween high fasting blood glucose concentrations and reduced density of CA1 neurons. When hyperglycemic rats are subjected to bilateral common carotid artery occlusion, neurons in the hippocampal CA1 sector are reduced to one -third the number observed in normoglycemic rats (35) . Despit e the fact that we did not detect significant cell loss in CA F rats, the finding t hat fasting hyperglycemia was significantly associated with CA 1 neuron density suggests that SD rats were not an ideal "healt hy" control. Although common practice in biomedical research, the environment of "cont rol" laborat ory rodents has been questioned (36) . Indeed, the typical housing conditions for the SD fed rats leads to s edentary behaviour, unlimited access to food ad libitum with J o u r n a l P r e -p r o o f limited environmental stimulation. Neurons in brains of overfed animals are more vulnerable to ischemic stroke (59) . Consequently, our results complement findings in humans that demonstrate high blood glucose, even when in a range accepted as normal, is associated with hippocampal atrophy, lower grey and white matter volumes, and poorer cognitive performance (8, 38) .
White matter tracts are extremely susceptible to ischemia due to lower constitutive blood flow compared to grey matter (3) . As expected, we found a notable reduction in the volume of the corpus callosum as a res ult of the 2VO surgery (9) . While no direct CAF effect on white matter atrophy was evident, we also found a significant relationship bet ween HDL cholesterol and atrophy of the corpus callosum, such that reduced HDL cholesterol was associated with greater atrophy. These findings add to the significant translational potential of the CAF diet for studying MetS and VCI, since reduced HDL cholesterol is associated with white matter lesions and atrophy in humans (12, 15, 58) . Since the CAF diet reduced HDL cholesterol and low HDL led to white matter atrophy, it is likely that these factors contribut ed to the cognitive impairment observed. Indeed, low HDL has been associated with cognitive impairment in various neurodegenerative diseases (53) .
While MetS features (glycemic status, HDL) were associated wit h marked changes in CBF and CBV, hippocampal CA1 neuron loss, and white matter atrophy, it should be recognized that age, duration of disease, and diabet es can also have profound effects on VCI pathologies. For example, in young rats, chronic cerebral hypoperfusion does not result in cognitive impairment, and only mild deficits are observed when combined with a model of Type 1 diabetes mellitus (T1DM) (39) . In contrast, aged rats present with significant cognitive deficits following chronic cerebral hy poperfusion, which then worsens when combined with T1DM (39) . Similarly, Type 2 diabetes mellitus significantly worsens cognitive decline associated with cerebral hypoperfusion (30) . This emphasizes the multifaceted and complex relationship between metabolic disturbances and cerebral hypoperfusion.
Preclinical models that approximate the clinical condition are essential for developing preventative and therapeutic interventions that translate to the clinic (14, 45, 51) . Since VCI is often associated with cerebral hypoperfusion and MetS (26, 28) , we investigat ed potential synergistic pathological effects of these co-morbidities. Our findings demonstrate that the relationship between both conditions is complex, and we identified 2 important characteristics of MetS that appear to be the most J o u r n a l P r e -p r o o f detrimental: hyperglycemia and low HDL c holesterol. Notably, both of these MetS features have also been identified as possible cont ributing factors to VCI in humans. Furt her work is needed to investigate whet her similar phenomena would be observed using female animals and larger cohorts of animals at later time points. Our results emphasize the importanc e of including comorbid conditions when modeling VCI, and outline a highly translational preclinical model for investigating potential interventions to mitigate the pathology and cognitive decline associated with VCI.
